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[57] ABSTRACT

A double acting turbine for converting water wave

Sep. 1, 1981

energy to electrical power in a marine buoy or platform.

A tubular body is provided one end of which 1s adapted

to be inserted into the water wave and the second end 1s
adapted to extend out of the water whereby the rise and
fall of water in the body creates a flow of air in alternate
directions through the body. A turbine having a plural-
ity of outwardly extending blades is positioned m the
body above the water level and exposed to and rotated
by the flow of air and is connected to an electrical gen-
erator for generating electricity in response to the rota-
tion of the wheel. The turbine is designed to operate
with air flowing in either direction through the turbine
so that power is generated as the water both rises and
falls in the tubular body. The turbine blades include a
concave surface on one side and a convex surface on the

opposite side. The cross-sectional shape of the blades
are shaped to provide an air flow passageway between
adjacent blades which decreases in area from each edge
thereby forming a restriction in the passageway be-
tween the blade edges whereby the wheel will rotate in
a single direction regardless of the direction of flow of
air through the body. A stator may be provided on each
side of the turbine wheel having a plurality of blades
directed towards the concave surfaces of the blades of
the turbine wheel. In order to increase the amount of air
flow through the body, the body may include a plural-
ity of housings. | |

21 Claims, 4 Drawing Figures -
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1
DOUBLE ACTING TURBINE FOR CONVERTING
- WAVE ENERGY OF WATER TO ELECT RICAL
POWER

" BACKGROUND OF THE INVENTION

It has long been recognized that the water waves

provide a valuable non-polluting energy source. And in
particular, the advantages of utilizing the wave energy
in remote locations such as buoys and offshore struc-
‘tures have been proposed in U.S. Pat. Nos. 3,064,137
and 3,200,255. However, the prior art devices have been
relatively inefficient, have had a low power output, and
have been relatively complex. |

The present invention i1s directed to an improved
apparatus for converting wave energy to electrical
power by providing a double acting turbine driving a
generator to produce electrical power. The turbine will

rotate in a single direction regardless of the direction of

flow of air through the body and generates power both
as the water rises and falls in the tube.

- SUMMARY
The present invention is directed to a double acting
turbine for convertmg the wave energy of water into
electrical power in either a floating or a fixed installa-
tion. A tubular body is provided one end of which is
adapted to be inserted into the water waves and the
second end adapted to extend out of the water whereby

the vertical rise and fall of water in the tubular body
creates a flow in air in alternate directions through the

body. A turbine wheel having a plurality of outwardly

extending blades is positioned in the body above the
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water level and exposed to and rotated by the flow of 35

air and in turn drives a generator for producing electri-
cal power. The turbine is double acting, that is, it rotates
in a single direction, but is rotated in response to the air
flowing in either direction through the body so that
power 18 generated as the water both rises and falls in
the tube. The ability of the turbine to be double acting
~and thus utilize and create power both on rising and
falling of the water is provided in which the cross-sec-
‘tional shape of the blades is shaped to provide an air
flow passageway between adjacent blades which de-
creases 11 area from each edge thereby forming a re-
striction in the passageway between the blade edges
thereby speeding up the air flow and changing its direc-
tion and creating a centrifugal action of the air passing
through the turbine blades wich acts on the blades to
rotate the turbine.

Yet a still further ebject of the present invention is the

45

50

provision of a double acting turbine generator for con-

verting wave energy into electrical power in which a
concave surface is provided on one side of the turbine

‘blades and a convex surface is provided on the opposite
side of the turbine blades.

Yet a still further object of the present invention is the

provision of a stator on each side of the turbine wheel,
each stator having a plurality of blades directed towards
the concave surfaces of the blades of the turbine wheel.

Yet a still further object of the present invention is the
- provision of an air flow passageway between adjacent
blades which decreases in area from each edge thereby
forming a restriction in the passageway between the
blade edges thereby slowing down the air flow after it
has passed the restriction so that the air leaves the tur-
bine rotor at low velocity thereby decreasing the pres-
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sure loss of the air as 1t flows through the turbine
thereby increasing the efficiency of the turbine.

Still a further object of the present invention is the
provision of a tubular body which includes a plurality
of housings, one end of each of which is adapted to be
inserted into the water waves and the second end of
each of said housing is adapted to extend out of the
water. The second ends are connected together to a
common conduit whereby the plurality of housings
provide an increase in air flow for increasing the electri-
cal output through the turbine wheel which is posi-
tioned 1n communication with the common conduit.

Still a further object of the present invention is the
provision of a tubular body which includes at least two
housings with the housings horizontally spaced apart a
distance approximately equal to a half of the length of a
normal wave. The second end of one of the housings
connected to one side of the turbine and the second end
of the other of the housings connected to the second
side of the turbine whereby the two housings act in
synchronism during normal wave condition for alter-
nating air in both directions through the turbine.

Other and further features and advantages will be
readily apparent from the following description of the
present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an elevational view illustrating the present
invention as used on a floating buoy,

FIG. 2 is an enlarged fragmentary cross-sectional
view showing the stators and rotor of the present inven-
tion,

FIG. 3 is an elevational view, showing the use of the
present invention in use on a fixed platform utilizing a
plurality of housings, and

FIG. 4 is an elevational view of a further modifica-
tion of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to the drawings, and particularly to
FIG. 1, the apparatus of the present invention is gener-
ally indicated by the reference numeral 10 which may
be either a floating or a fixed structure and generally
includes a tubular bedy generally indicated by the refer-
ence numerai 12 which may include a first enlarged
portion 14 and a second smaller cross-sectional portion
16. One end of the tubular body 12 such as 18 is adapted
to be inserted into the water and the second end 20 1s
adapted to extend out of the water. If the apparatus 10

1s a floating buoy, a suitable buoyancy chamber 22 is
provided and the apparatus 10 would be connected to
an anchoring cable (not shown).

The water waves cause a rise and fall of the water
level 24 inside of the tubular body 12 which alternately
creates an air flow upwardly and downwardly through

the section 16 of the tubular body 12. The section 14 1s

enlarged compared to the section 16 in order to create
a greater volume of air flow in the section 16.

A turbine wheel 30 having a plurality of cutwardly
extending blades 32 extending from a hub 31 is posi-
tioned in the section 16 of the tubular body 12 above the
water level and exposed to and rotated by the flow of
air to the tubular body 12. A conventional electrical
generator 34 is connected to the turbine 30 to produce
electrical power which may either be used directly or
for charging storage batteries. Upper and lower flow
control cones 36 and 38 are provided for directing the



| 3
flow of air through the rotor 30 through a restricted
passageway for speeding up the air flow.

The above description of a turbine-generator is gen-
erally old. However, none of the prior art devices uti-
lizes a double acting turbine wheel which can rotate tn 5
- the same direction while utilizing the air flowing in
either direction through the tubular body 12. The pres-
ent turbine wheel is designed to provide an inexpensive
and trouble-free structure without requiring the compli-
cated mechanical structure of the prior art devices. 10

The turbine 30 of the present invention includes a
circular hub 31 on which is mounted a plurality of out-
wardly extending blades 32. Preferably, each of the
blades 32 includes a concave surface 40 on one side of
each of the blades 32 and a convex surface 42 on the 15
second side of the blades 32. Additionally, the cross-sec-
tional shape of the blades 32 increases from the edges 44
and 46 to a maximum, preferably in the centier of the
blades, thereby providing a flow passageway 48 be-
tween each of the blades 32 which decreases in size 20
from each blade edge 44 and 46 to form a restriction 50
between adjaceni blades 32. Therefore, when the air
- passes through the turbine blades 32 from either direc-
tion, the low pressure air will enter the passageways 48
and will accelerate as it reaches the restriction 30 and 25
will contact the concave surfaces 40 and change direc-

- tion and by centrifugal force will cause the turbine 30 to
rotate in the direction of the arrow 52, it is further
noted that the air passageway 48 1s enlarged on each
side of the restriction 50 whereby the low velocity air 30
will enter the passageway 48 on one side of the restric-
tion 50, will accelerate in the restriction 50, and will
slow down after passing the restriction 50 so that the air
leaving the turbine rotor 3¢ is again at a low velocity
thereby decreasing the pressure loss of the air as leaves 35
the turbine 30 and increasing the efficiency of the tur-
bine 30. It is therefore noted that whether the air passes
upwardly through the turbine 30 or downwardly
through the turbine 30 of FIG. 2, the turbine blades 32
will rotate in the direction indicated by the arrow 52. 40
Therefore, the present turbine blade will generate
power while the air is flowing in either direction to the
turbine to provide a simple but highly efficient double
acting turbine-generator for converting wave action to

electricity. In one embodiment of the present invention, 45

the turbine rotor includes twelve blades 32 on a six-inch
diameter hub 31 with three-inch long blades 32 extend-
ing therefrom. The concave surfaces 40 have a three-
inch radins and the convex side 42 includes sides 42
directed at 45 degrees from the horizontal and joined by 50
a rounded shoulder 47 having a half-inch radius thereby
preventing sharp edges in the air flow path.

If desired, a stator 54 may be placed on one side of the
turbine wheel 30 and a second stator 56 may be placed -

on the second side of the turbine wheel rotor 38. Each 55'

of the stators 34 and 56 includes a plurality of equally
spaced paralle! blades 56 and 60, respectively, which
are directed towards the concave surfaces 40 of the
turbine blades 32 for increasing the centrifugal effect of
the air flow on the concave surfaces 40. 60
One of the factors in providing a greater electrical
output from the apparatus 10 is to increase the aiv flow
~ through the tubular body. While the cross-sectional
area of the enlarged portion 14 of the tubular body 12
may be suitably sized 1n floating buoys for increasing 65
the air flow in the upper section 16, it may not be feasi-
‘ble for various reasons to utilize large cross-sectional
tubular members when the apparatus is connected to a
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fixed platform. Referring now to FIG. 3, a modified
structure i1s shown wherein a tubular body generally
indicated by the reference numeral 60 includes a section

62 having the turbine 30 and generator 34 therein, as

previously described in connection with FIG. 1. In
addition, the tubular body 60 includes a plurality of
housings, here shown as housings 64, 66, and 68, each of
which 1s connected to and supported from one of the

legs of a platform 70. Each of the housings 64, 66 and 68

are adapted to be connected closely together whereby
each is similarly actuated by a wave 72 to have gener-
ally simultaneously rise and fali of water therein. Each
of the housings 64, 66 and 68 includes a first end 74, 76

and 78, respectively, which is adapted to be inserted

into the water and a second end 88, 82, and 84 which is
adapted to extend out of the water. The second ends 80,
82 and 84 are manifolded together to a common conduit
86 connected to the section 62. Therefore, the plurality
of housings 64, 66 and 68 increase the electrical output
from the turbine 30 and generator 34 by i mcreasmg the
volume of the air flow through the system.

Referring now to FIG. 4, a further embodiment is
shown for increasing the air flow and consequently the
electrical output of the double acting turbine 3¢ and
generator 34. At least two housings and here shown as |
four housings, 20, 92, 94, and 96, are provided having
their lower ends adapted to be inserted into the water
waves and their upper ends adapted to extend out of the
water. It is to be noted that two of the housings, such as
90 and 92, are separated horizontally a distance approxi- -
mately equal to half the length of a normal wave 100.

Therefore, with the wave 100 in the position shown in

FIG. 4, the water inside of the housing 90 has risen to its
maximum pushing air upwardly in the housing 20 while
the water in the housing 92 has fallen to its minimum

thereby drawing air downwardly into the housing 92.

'This push-pull effect may be utilized to drive the turbine
30 with a greater force to provide a greater electrical
output. Since the air flow in and out of the housings 90
and 94 are in phase, the housings 99 and 94 are con-
nected to a common manifold 102 which is connected

- to one side of tne turbine 30. The housings 22 and 94,

since they are in phase with each other, but are out of
phase with housings 90 and 94, are connected to a com-
mon manifoid 24 connected to the opposite side of the
turbine 30 for maximum electrical output. While the

housings 98, 92, 94 and 96 are shown schematically,

they would preferably be connected to a platform
larger than the platform 70 of FIG. 3 which was capa-
ble of taking advantage of the push-pull effect found
between the wvaileys and crests of the normal wave ac-'
tion encountered. |
The present invention, therefore, is well adapted to'
carry out the objects and attain the ends and advantages
mentioned as well as others inherent therein. While
presently preferred embodiments of the invention are

| gwen for the purpose of disclosure, numerous changes

in the details of construction and arrangement of parts
will readily suggest themselves to those skilled in the art

- and which are encompassed within the. spirit of the

invention and the scope of the appended clalms
-‘What 1s claimed is:

1. An apparatus for convertmg the wave energy of
water to electrical power comprising, |
a tubular body, one end of which is adapted to be
inserted nto water waves and the second end
adapted to extend out of the water whereby the rise
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and fall of water in the body creates a flow of air in '

alternate directions through the body,

a turbine wheel having a plurality of outwardly ex-
~tending blades positioned in the body above the
water level and exposed to and rotated by the flow
-of air, | .

an electrical generator connected to the turbine
wheel for generating electricity in res.ponse to the
rotation of the whesel,

the cross-sectional shape of the blades belng shaped
to provide an air flow passageway between adja-
cent blades which decreases in area from each edge
thereby forming a restriction in the passageway

between the blade edges whereby the wheel will

rotate in a single direction regardless of the direc-
tion of flow of the air through the body.

2. The apparatus of claim 1 wherein the blades in-
clude a concave surface on one side and a convex sur-
face on the opposite side.

3. The apparatus of claim 2 including,

a stator on each side of the turbine wheel, each stator
having a plurality of blades directed towards the
concave surfaces of the blades of the turbine wheel.

4. The apparatus of claim 1 wherein the tubular body
includes,

a plurality of housmgs, one end of each of which is

adapted to be inserted into the water waves and the
- second end of each of said housings is adapted to

extend out of the water, said second ends being

connected together to a common conduit whereby

the plurality of housings provide an increase in air
- flow for increasing the electrical output, and

said turbine wheel being positioned in the common
conduit.

5. The apparatus of claim 1 wherem the tubular body
includes, |

at least two housmgs, said housmgs horizontally
spaced apart a distance approximately equal to a
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‘water level and exposed to and rotated by the flow
of air,
an electrical generator connected to the turbine
 wheel for generating electricity in reslaonse to the
rotation of the wheel,
sald blades including a concave surface on one Slde
and a convex surface on the second side, the cross-
- sectional shape of the blades increasing in size from
~_each edge towards the center of the blades thereby
providing an air flow passageway between adja-
cent blades which decreases in size from each blade
edge whereby the turbine wheel will rotate in a
single direction regardless of the direction of flow
of the air through the body, and whereby the air
velocity decreases after the air passes the restric-
" tion thereby decreasing the pressure loss of the air
as it passes through the turbine wheel and increas-
ing the efficiency of the turbine.
8. An apparatus for converting sea wave energy into
electrical energy, comprising: a buoy which executes
perlodic forced vibrations with a natural frequency
approxlmatmg the wave frequency along the vertical
axis thereof in a manner that the buoy moves with re-
spect to the wave surface; an air chamber in said buoy;
a hydraulic piston in said buoy; a turbogenerator for
converting the airflow kinetic energy into electrical
energy; a turbine stage including rigidly fixed blades in
said turbogenerator; a stator including rigidly fixed
blades of said turbine stage; a rotor of said turbine stage,
disposed downstream of said stator with respect to the
direction of said airflow; a supplementary stator includ-
ing rigidly fixed blades of said turbine stage, disposed
downstream of said rotor with respect to the direction
of said airflow and made symmetrical with said stator
with respect to the plane of rotation of said rotor; a
generator of said turbogenerator a shaft of said genera-

~ tor: also mounted whereon is said rotor of said turbine

half the length of a normal wave, one end of each

of the housings being adapted to be inserted into

- water waves, and the second end adapted to extend
out of the water, the second end of one of the hous-
ings connected to one side of the turbine, and the
second end of the other of said housings connected
to the second side of the turbine.

6. Thie apparatus of claim 1 wherein the tubular body
includes,

at least four housings, said housing pemtlened such

that the first and third housings simultaneously
encounter the crest of a normal size wave at the
titne the second and fourth housings encounter a
valley of the wave, one end of each of said hous-
igs positioned in the water, the second end of each
of the housings extending out of the water, the
second end of the first and third housings con-
nected together and connected to one side of the
turbine, the second end of the second and fourth
housings conneeted together and connected o the
secoiid side of the turbine.

45
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7. At apparatus for eonverting the wave energy of 60

Wwater 1o eleetrical power comprising,

‘& tubular bedy, one end of which is adapted to be
ingerted 1nto water waves and the second end
adapted to extend out of the water whereby the rise
and fall of water in the body ereates a flow of air in

alternate directions through the body,
a turbine wheel having a plurality of outwardly ex-
tending blades positioned in the body above the

65

stage; an air duct for said air chamber to communicate
with said turbogenerator. -
9. An apparatus for converting sea wave energy into
electrical energy, comprising
a turbogenerator for converting airflow kinetic en-
ergy into electrical energy including

a turbine stage including rigidly ﬁxed blades in sald
turbogenerator;

a stator including rigldly fixed blades of sald tur-
bine stage; |

a rotor of said turbine stage, disposed downstream
of said stator with respect to the direction of said
airflow;

a supplementary stator mcludmg rigidly fixed
blades of said turbine stage, disposed down-
stream of said rotor with respect to the direction -
of said airflow and made symmetrical with said

“stator with respect to the plane of rotation of said
rotor;

a generator of said turbogenerator;

a shaft of said generator; _

also mounted whereon is said rotor of said turbine
stage.

10. An apparatus for convertmg sea wave energy into

electrical energy, comprising

a buoy which moves with respect to the wave sur-
face;

aft air chamber in said buoy;

a hydraulic piston in said buoy;

a turbogenerator for converting the airflow kinetic
energy into electrical energy;
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a turblne stage 1nclud1ng r1g1cl1y ﬁxed blades in said
turbogenerator; S

a stator includlng rlgldly fixed blades of said turbine
~stage; | | |

a rotor of said turbine stage disposed downstream of 5

said stator with respect to the direction of airflow:

_ a supplementary stator including rigidly fixed blades

of said turbine stage, disposed downstream of said

rotor with respect to the direction of said airflow;
- a generator of said turbogenerator |

- also mounted whereon is said rotor of said turbine
stage | | |

an air duct for said air chamber to eommnnlcate with
- said turbogenerator. | |

11. The apparatus according to claim 10, wherein:

said rotor includes blades shaped to provide an air

~ flow passageway between adjacent blades which

~decreases in area from each edge thereby forming a

restriction in the passageway between the blade
edges producing rotation in a single direction re-
gardless of the direction of flow of the air through
the body.

12. The apparatus according to claim 11, wherein said
‘blades include a concave surface on one side and a
convex surface on the opposite side.

13. The apparatus according to claim 12, wherein said
stator and said supplementary stator each have a plural-
ity of blades directed towards the concave surfaces of
the blades of said rotor.

14. An apparatus for convertlng sea wave energy into
electrical energy, comprising:

means for converting sald Sea wave energy into air-

- flow kinetic energy, |

a turbogenerator for converting said airflow kinetic

energy into electrical energy;

a turbine stage including rigidly fixed blades in said

turbogenerator;
a stator including rigidly fixed blades of said turbine
stage; - |
a rotor of said turblne stage disposed downstream of
said stator with respeet to the dlrectlon of said
- airflow;
a supplementary stator including rigidly fixed blades
~ of said turbine stage disposed downstream of said

a generator of said turbogenerator

‘also mounted whereon is said rotor of sald turbine
stage. S

1. Apparatus accordlng to claim . 14 further includ-

ing:
an elongate hollow body havmg one end adapted to

extend into water waves and a second end adapted

to extend out of the water, the rise and fall of water
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rotor with respect to the direction of said airflow:
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in the body creating a flow of air in alternate direc-
tions through the body. | |
16. The apparatus of claim 15 whereln the elongate_
hollow body includes: - : |
- a plurality of housings, one end of each of' which 1S
adapted to be inserted into the water waves and the
second end of each of said housings is adapted to
extend out of the water, said second ends being

connected together to a common conduit whereby
the plurallty of housmgs provide an increase in air

flow for increasing the electrical output, and =
said turbine stage being positioned in the common
- conduit. o

17. The apparatus of claim 15 wherein the elongate
hollow body includes: | |

at least two housings, said housmgs horizontally

- spaced apart a distance approximately equal to half |

the length of a normal wave, one end of each of the
housings being adapted to be inserted into water
waves, and the second end adapted to extend out of
the water, the second end of one of the housings
connected to said stator and the second end of the
other of said housings connected to said supple-

mentary stator. - .

18. The apparatus of claim 15, wherein the elengate
hollow body includes:

at least four housings, said housmgs posmoned such

that the first and third housings simultaneously
encounter the crest of a normal size wave at the
time the second and fourth housings encounter a
valley of the wave, one end of each of said hous-
ings positioned in the water, the second end of each
of the housings extending out of the water, the
second end of the first and third housings con-
nected together and connected to said stator, the
second end of the second and fourth housings con-
nected together and connected to said supplemen-
fary stator.

19. Apparatus according to clalm 14, wherein:

said rotor includes blades shaped to provide an air

flow passageway between adjacent blades which
‘decreases in area from each edge thereby forming a
restriction in the passageway between the blade
edges producing rotation in a single direction re-
gardless of the direction of flow of the air through
said rotor.

20. Apparatus according to cla:m 19, wherein said
blades include a concave surface on one side and a
convex surface on the opposite side.

21. Apparatus according to claim 20, wherein said
stator and said supplementary stator each have a plural-
ity of blades directed towards the concave surfaces of

‘the blades of said rotor. -_
| Rk ko ok
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